I. Introduction
The importance of renewable form of energy increases with the increase in population as well as the style of living. Among the renewable sources of energy, solar photovoltaic has proved to be promising because of its easy and efficient way of energy production. Sun is a huge source of solar energy and it is time that we utilize it to the maximum level. Though this form of energy is very easy to generate but at the same time its efficiency is very less due to many reasons. One of the confusions or dilemmas that engineers face is the tilt angle of the panels, whether to keep it fixed or to vary it according to the season [1] . The advantage with the latter is that if the panel follows the sun, it can collect all the energy and hence give high energy output. But at the same time the equipments used to track the sun are so expensive that even after the increase in efficiency, they are not feasible to be installed in huge solar photovoltaic plants. A lot of research has been done at attempts to make this system feasible [6] [11] [12] . This paper focuses on an alternate and a cheaper methodology for increasing the output of the panels. This methodology does not require any cost but uses weighted average technique to refine the formula for calculating optimum tilt. It assumes fixed support type of solar panels and takes the radiation data of the past years, assigns weights to each and every month and then calculates the optimum tilt to minimize the losses.
II. Analytical Calculation For Tilt Angle
The solar zenith angle is the angle measured from directly overhead to the geometric centre of the sun's disc, as described using a horizontal coordinate system [16] [17] [18] . For maximum efficiency of a solar panel or a PV system, the direct rays of the sun should fall perpendicular to the panels and hence determining the tilt angle of the panel is very important. The tilt angle varies every minute of the day and every day of a year. So for fixed PV System, we have to keep an optimum tilt angle for maximizing the output.
The intensity on a solar module is calculated by using the following formula: = × sin (α + β) α = Elevation Angle = 90 -Therefore, for Module power to be equal to incident power; (α + β) = 90 0 . β = 90 -α β =
So from these analytical calculations we can say that the tilt angle at any particular location should be equal to the solar zenith angle at that moment. But for fixed solar systems, the tilt angle is constant and doesn't vary with time. So we have formulated a methodology that can find a fixed tilt angle that can give maximum averaged solar output annually. The formula to find the zenith angle can be given as [17] [18] : Here, the declination angle is defined as the angle between the line of equator and the line joining the centre of sun and the earth. For equinoxes the angle of declination is zero whereas it is maximum at summer and winter solstice. Taking elliptical orbit of the earth around the sun, the formula used to calculate the angle of declination at a point is given by [2] The solar azimuth angle is the azimuth angle of the sun [5] [13] . It defines the direction in which the sun is, whereas the solar zenith angle or its complementary angle solar elevation defines how high the sun is. It is given by the formula below [5] [14] [15] :
Below is a graph showing the variation of tilt angle or the solar zenith angle with the days of year at solar noon (maximum output is assumed at solar noon). This output is obtained as a result of mathematical simulation using the principle of absolute average in MATLAB. 
III. Simulink -Development Of Mathematical Model And Design
The MATLAB software and its graphical application Simulink have the ability to design and simulate static and dynamic systems. For this we have designed a variety of components that form a library for the simulation of Solar tilt angle variation throughout a year in Simulink.
The mathematical equations used in designing the Simulink model are equations 1, 2 and 3.The Simulink model shows the solar tilt angle calculator where LAT and LONG are the latitude and longitude of Vellore respectively and Scope and Scope1 are the final outputs -azimuth angle and the solar zenith angle respectively. This model can be used to find the solar tilt angle for any particular day of the year or collectively a group of days, like a month or a whole year. Further, it can be modified and used to find absolute and weighted average of a definite period of time.
Fig2 Mathematical Model of Calculating Optimum Solar Tilt Angle and Solar Azimuth Angle of places whose latitude and longitude are known (MATLAB Simulink)

IV. Weighted Average Method To Calculate Tilt Angle
The absolute average method gives an approximate value of tilt angle but not accurate. For example, if solar output is maximum in month of March, we can say that this month should be given more weight while calculating the tilt angle. This makes sure that when solar input is maximum, the tilt angle and the optimal tilt value are as close as possible.
Weighted average can be defined similar to arithmetic mean but instead of giving equal weightage to all the data points, particular weight is given to each depending on the parameter. The weighted average for 12 months can be calculated by using the following formula: Fig. 3 depicts the calculation of optimum tilt without taking into consideration the solar irradiation of each month. While Fig.  4 shows the variation in absolute and weighted optimum tilt angle considering the monthly solar irradiation.
Fig. 3 and 4, Graphical comparison of tilt angle with and without consideration of weights due to solar irradiation in a month.
3. Daily variation of optimum tilt angle for four seasons in a year using Simulink Design (For this research we have taken into consideration, the months of March (Spring), June (Summer), September (Autumn), November (Winter). For each month, two different graphs are obtained, one shows the frequency of a particular tilt angle throughout the month, while the other shows the variation of tilt angle vs. day number.
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Fig 5 
VI. Conclusion
From the data and calculation it can be inferred that the weighted average method of calculating optimum tilt angle gives a more accurate and significant result when compared to simple averaging. For VIT University, while simple average method gives 17.7093 , the weighted average method gives 19.5640 0 which gives a significant percentage deviation of 10.47 %. This deviation, won't make much difference in the output of small PV systems, but for PV Systems in the MW range, this mere deviation can help increase the output of the plant. We also notice that this research output gives more weightage to months like march, which has a high solar irradiation. This makes sure that maximum efficiency is obtained in months having good solar input and this increases overall annual efficiency of the panels.
As this output can be obtained without having any information about past data, this research can also help a company to set up plants in remote places having no past data. The Simulink models generalizes the research work for any place with a given longitude and latitude.
This research has a lot of scope for expansion. We have assumed that the maximum radiation is received at 12:00 PM (Solar Time). We can expand this work by not assuming this and taking weights of each hour in a day. Also, we have not taken into consideration the clearness factor which takes into account the irradiation lost at a particular location due to absorption. Apart from this, azimuth angle calculations can be done and tilt of the panel with respect to south direction (for panel in northern hemisphere) can be found out with good accuracy. The MATLAB Simulink model can be developed as the backend of an application which will be easy to use for the people.
